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ABSTRACT the current conduction in the device while the trestchcture

We propose a new lateral power metalde semiconductor rgduces the electric field inside the dyift regipn Iegding to
field-effect transistor (MOSFET) on InGaAs. The proposed Nigher breakdown voltage of the device. Tdimensional
structure is obtained by incorporating two trenches in the drift device simulator, Silvaco ATLAS [7] is used evaluate and
region of a standard power MOSFET structure. The modified Compare the performance parameters of the proposed device
device design provides reduction in electric field in the drift ~ With the standard device.

region leading to significant improvement in the device
performance in terms of breakdown voltage and figfre
merit. Twodimensional numerical simulations are used to
evaluate and compare the perfance of new device with that
of the standard MOSFET for identical cell pitch, gate length
and drift region doping. Our simulation results show that the P
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proposed device can provide 3t2i maighsr breakdown S InGaAs drift

voltage and 3.8 times improvement in figuremerit over the ) l

conventional device. p-InP substrate (a) -
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INTRODUCTION o w N
Presently, silicon is a dominant semiconductor material used N*tPt [Nt tox Nt
for fabrication of laterallydiffused metaboxide semiconductor
field-effect transistors (LDMOSFETS) which are playing a key Lo p Lp
role in many RF applications such as monolithic microwave L;
integrated circuits, power amplifier socket in handsets, and Tox fepi
optoelectronics circuits [L]4]. As silicon based power devices .

- - L . n—InGaAs drift
are approaching their perfoance limits due to inherent |
material properties, there is a need to consider new “toxe —Li—
semiconductor materials to overcome the challenges faced by |[—L,— ]
silicon technology. In the recent past, InGaAs has emerged as a p—InP substrate (b)
potential semiconductor material for future power L
LDMOSFETs due to its high electron mobility. For the first
time, Steighner et al. [5] reported the use of InGaAs in power AlyO4 B rory | pyee
LDMOSFET. The authors have established that the
performance of an InGaAs power LDMOSFET is better as ) ) )
compare to its silicon countempaRecently, Singh et al. [6] Fig. 1 Crosssectional view of the (a) standard
reported the trench dual gate power LDMOSFET structure on LDM OSFET and (b) proposed LDMOSFET

InGaAs. This structure utilises two gates placed in two separate 2 DEVICE STRUCTURE AND DESIGN

trenches on both sides of thbBdy region to enhance the

current conduction and reduce electric figidhe device. The ASPECTS

authors have reported that the novel structure can provides Fig. 1 shows the schematic cresectional views ofthe
significant improvement in optit current, threshold voltage, standard and proposed devices implemented itypa
onresistance, transconductance and breakdown voltage at alngs{Ga4As drift laye on Rtype InP substrate. Botthe
cell pitch of 4em. However, in this structure, further reduction  structure ishaving identical gatéength, cell pitch and drift
in the cell pitch is limited by lateral dimensions of the device. layerdoping.In case of the standatdMOSFET, a gate field
In order to reduce fabrication cost and increase packaging plateis placed over the driftegion to reduce the electric field
density, short cell pitch devices are always desirable. In this on the surface olhGaAs layer leading to higher breakdown
work, we modifiedthe standard power LDMOSFET structure  voltage of the deviceThe length of fieleplate is optimized to
to improve the performance parameters with a cell pitch of 3 obtain maximum brakdown voltage for the cell pitch & m.
em. The proposed structure has two trenches in the drift region

in which one trench is containing additional gate and other

trench is filled with AJO;. Thepresence of twagate enhances
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Structural Parameters of-l;ﬁglgtlandard LDMOSFET and
the ProposedLDMOSFET

Symbol Units Standard Proposed
L em 3 3
Lg €m 0.5 0.5
Lep €m 1.2 0.3
tox em 0.03 0.03
tox1 €m - 0.15
toxe em - 0.03

| tepi em 0.6 1.60
Lp €m 1.5 0.3
L, em - 0.55
L, eEm - 0.4
L em - 0.65
Ng cm?® 2.0 x 16° 2.0 x 16°
P-body cm’® 8.0 x 14° 8.0 x 14°
N* cm® 1.0 x 16° 1.0 x 16°
P cm?® 1.0 x 16° 1.0 x 16°

In order to further improve the breakdowoltage of standard
device, a trenclgate structure is proposed for the same cell
pitch as shown in Fig. 1(b). In the proposed structure, one gate
is placed on the surface of InGaAs as in case of the standard
LDMOSFET and the other gate is placed veltycen a trench

on left side of the Body region. The new device also contains
one trench filled with AIO; in the drift region between drain
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Fig. 2 Off-state breakdown characteristics of the standard
and the proposed LDMOSFET

and source. In the proposed structure, two channels are created

in the Rbody region when a positive gate voltageapplied on
both the gates resulting parallel flow of current from drain to

source. The trench structure of the proposed device reduces the

electric field in the drift region and hence improves the
breakdown voltage. The emsistance of the proposedvite is
higher as compare to the standard device due to increase in
effective drift region length and reduced crssstion area to
flow of current at low drain to source voltages. However, the
proposed device is having higher overall figofemerit due ©

large improvement in the breakdown voltage for the same cell
pitch of 3gm. The other devi
affect the device performance are listed in Table | for both the
standard and proposed devices.

3. SIMULATION RESULTS

Both the standar@nd proposed LDMOSFET structures were
created in the device simulator (ATLAS). Two dimensional
numerical simulation were performed using suitable models in
the simulator for various physical processes such as Sheckley
ReadHall, concentratiordependentmobility, electricfield-
dependent mobility, and impact ionizatio

Fig. 3 2D electric field contours at \ps= 18 V in (a)
standard LDM OSFET and (b) proposed LDMOSFET

Fig. 2 gives the simulated breakdown characteristics of both
the devices which are obtained by increasing the drain to
source voltage (¥s) when no gate bias is applied i.e. als¥

0 V. For a drift region doping of 2x1fm'3, the breakdown
yadtagejofthe standaydd-BMOSFER ig foundbte he RIyhickv h i ¢ h
increases to 7% in case of the proposed devickhis shows

that a 3.2 times improvement in the breakdown voltage can be
achieved from the proposed structure as compared to the
standard device. This largenprovement in the breakdown
voltage is due to reduction in electric field in the drift region of

the proposed device. Twdimensional electric field
distribution is shown in Fig. 3 for both the devices/at=18

V. As seentfom this figure, in case of tretandarddevice, the
peakelectric field occurs at poith A6 a't tthe gatee n d
field-plate. On the other hand, a reduced peak elefdtit at
point 06B6 is obtained for
two trenches in the drift region. Furth&ig. 4 shows the two
dimensional electric field contours for both the deviegs
breakdown. The peak electric field responsible for breakdown
remains at point 6A6 for standa
point 6Co6 for proposed device.
electric field at the breakdown for both the desieequal.
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